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Abstract: Research has shown thiag¢re is a correlation betwe#re learningenvironment and

student learning, andr their approaches toward studying (Diseth, Pallesen, Brunborg, and
Larsen, 2009; Biggs, 2001; Trigwell and Prosser, 1991). When examinimgpetiof

reformed science teaching at the undergraduate level, the question of how students peirceive thei
learning environment arisebhis paper examines the perception that students have of their
learning environment in courses with various levels fafrre implemented in the curriculum as
measured using tieeformed Teaching Observation Protoctilwas determined that in order

for students to perceive their learning environment as being different, an instructor would have
score 71or above This findng indicates that instructors wishing to reform their courses have to
make efforts not only ensure that the content in their courses are relevant to their studentsO lives
but they have to design lessons that allow students to interact with each otlibe, emarse

content to construct their own understanding of science content.

Thecurrentstudy addresses four National Science Education Standaatier{il
ResearciCouncil [NRC], 1996, pp 28fandSiebert, & Mcintosh, 200lassumptions; what
studentdearn is greatly influenced by how they are taught, the actions of teachers are deeply
influenced by their perceptions of science as an enterprise and as a subject to be taught and
learned, student understanding is actively constructed through individtlabaial processes,
and actions of teachers are deeply influenced by their understanding of and relationships with
students.

Effectiveundergraduatscience teaching is a complex process requiring specialized
knowledge and skills to do it well arfigcilitate student learning. Reforms in enteyel
undergraduate science courses impdltudents in higher education. There is a need to assure
that science instructors transform science content knowledge and represent it in a way to promote
student éarningbased on research based strate(@esensen, Evan&, Andersen, 2009DeJong
et al., 2005; Loughran et al., 2000; Van Driel et al., 1998). It is important to investigate current
efforts underway in undergraduate science course reform thtbedghowledgefaculty
members havavailable to implement reforntisat impact the course learning environmemd
to study thampactof such actions on studemtitcomes in those courses.



Science teaching requires specialized knowledge that is refinedddty over time and
through extensive experience (Loughran, Gunstone, Berry, Milroy, & Mulhall, 2000). We should
expect to see differences among faculty instructors of science in our undergraduate science
classrooms based on differenaesheir knowledge ofeaching, its application to actual
classrooms with students, and the context faculty find themselves in relating to their institution
(Sorensen, Evang, Andersen, 200Bland-Day, 1999). Shulman (1987) stated that teacher
development of specialized teawlp knowledge is even more critical in inquinased
classrooms. For those undergraduate science courses involved in rgformisterpretingthe
guidelines of the National Science Education Standgrds)(the knowledge of teaching
scienceasopposed to a personOs knowledge of science, has a great impact on and is particularly
important tg the teaching and learning of science by studéésgdn, 1999GessNewsome,

1999; Magnusson et al., 1999; Moribershimer, & Kent, 1999; Shulman, 1987).

Research indicates that the learning environment has an affect on student approaches
toward learning which in turn impacts student learning outcomes (Diseth, Pallesen, Brunborg,
and Larsen, 2009, Kreber, 2002; Lizzo, Wilson, and Simmons, 200Bgn studets have a
more positive perception of their learning environmstugents are more likely to take a deep
approach to learning as opposed to a surface appréadbep apprach to learning is an
attemptto use evidence tonderstanding the meaningaridmake connections between the
concepts beingresented. A surface approach to learning means the students memorize the
content in order to pass the exam.

Research Question

Building on the existing research basges dtudyinvestigatedindergraduate stientOs
perceptual understanding of the learning environment experienced in courses selected from a
national population of higher education institutiofisis study addresdehequestion Mo
students perceive differences in the level of reform in sloegénce courseSSince significant
professionatlevelopment efforts are underway to enable higher education faculty to reform
undergraduateourses, it is important to investigate important vaesipelated to the problem
(Sunal,et. al.2001). StudentsPerceptions and preferences for their learning environment
influences their learning in terms of content knowledge dagskills, and attitudes (LogeS,

Remy, M, Rikers, and Schimdt, 280
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Figure 1: Carnegie classification of the population of higher education institutions in
the NASA/NOVA Program

Instructor Course Content

Space Science, 1 Geo;ogy, A Space Science

B Geology

Cc Earth Science

D Physical Science

E Natural Science

F Natural Science

G Physics

H Physical Science

1 Biology

J Biology

K Physical Science

L Physical Science

M Physical Science

Figure 2: The diversity of course content included in this study and the content
taught by the instructors.

The participatinginstitutions, and one anore of their science courses, wareolved in
theNASA Opportunities for Visionary Academi¢SlIASA/NOVA) faculty professional
development programitiated in 1996NOVA, n.d.) The multifaceted NASA/NOVA program
was designed to foster reform in higleelucation through development and modification of
entry'level, undergraduate science courses. The studyOs population thus included faculty from a
diverse national group of 103 institutions that had undergone reform over a 10 year period in one
or more of heir undergraduate science courdé®e population surveyed ranged from tribal
colleges to Doctoral/research universieédensive (R) using the Carnegie (1994)
classificationseeFigurel. A sample of faculty fronmine of these institutions was seledtto
participate irthe studyreported in this papgsee Table 1The content of the 4 courses varied
from Biology to Space Science as shown in Figure 2.

TheNOVA programinvited the participation of undergraduate faculty concerned with
improving entrylevel undergraduate science and mathematics cobesegen the years 1996 to
2006 Through NOVA reform science courses were developed by collabora&ares of faculty
in the sciences and educati®articipation in NOVA included opportunities for, and
commitment to, enhanced knowledge and skills througlkstmps, exemplary models, grant
funding mentoring, evaluation site visits, and collaboration within and between higher education
institutions.The NOVA professional del@ment model was delivered threephases(1)
planning and preparatiorinvolving training, collaboration, and action planning for addressing
baseline needs in faculty skills and knowledge enhancemeigy2)opment and
implementationinvolving initial course change, action resgamentoring, and sharing of
expertise; and (3ontinuing development and lotgrm sustaining activityinvolving action
research, networking, monitoring including site visits, and dissemination (Sunal et al., 2004).

In a survey of the populatidrom which the sample was selecté&dvas found that the
learning environment in reform courses at these institutions shared four common course features:

1) involving all students in an inquiry/investigative approach to learning science,



2) including fully integratd inquiry/investigative activities that involved the majority of
a weekOs class time

3) using collaborative and cooperative learning groups during course activities,

4) using continuous alternative assessment, rather than using only a few traditional
exams(Sunal et al, 2008a, Sunal & Sunal, 2008b; Sunal, Sunal, Sundberg, Mason, &
Lardy, 2008c; Sunal et al., 2008d; Sunal et al., 2008e; Sunal, Sunal, Mason &
Zollman, 2008f)

Procedures

Pre and post testing along with-site case study visitsere completed witB3 faculty
teaching entry level undergraduate science courses # thigher education institution¥he
current study includes data from 9 of those institutions and 14 faculty menTibersample was
geographically diverseesidirg in nine states throughout the United Stafé& higher education
institutions, universities ahcolleges, range in size frord@0 to over 40,000 with an average
student population of about 13,000. Carnegie designations sathglenstitutions are siMA
granting institutions, two research doctoral granting institutions, and three minority designated
MA granting institutions. The 19 undergraduate science courses included in the insfitution
sample had an average class size of 35 students with aofal®jéo 70 students. Several were
one section of a multiple section course with their own lecture/lab/and discussion periods. The
course science disciplines included physics, astronomy, physical science, brdkgyated
science, and geology.

Data Collection Instruments
TheReformed Teaching Observation Protocol

TheReformed Teaching Observation ProtoRT OB wasdeveloped byeveloped by
Arizona Collaborative for Excellence in the Preparation of Teachers (ACBPieasure the
degree to which a science classroom teaching is OreformedO (Sawada, 2000; Piburn and Sawada,
2000). The characteristic of reform measured by this instrurasnbased on national standards
for math and science education and research in matienand science education (Sawada,

2000; Piburn and Sawada, 2000he RTOP gives insight into the instructorOs PCK, course
structure, and learning environmentheRTOPwas used to score @ight observations of
instructorsO teaching. Observatidnalldecture, laboratory, and discussion sections that
occurred during the week were made. Each observed section was reviewed by more than one
observer. After instruction occurred, observers collaborated to come to a consensus score.
When agreement ctiinot be reached, the scores were averaged.

The instrument is divided into five subscales: 1) Lesson Design and Implementation, 2)
Propositional Knowledge, Jrocedural Knowledge, 4) Communicative Interactions, and 5)
Student/Teacher Relationship§heLesson Design and Implementatiecale containgems
such as, 10 this lesson, student exploratipreceded formal presentationO, and addsésse an
instructorplans and implements a lesson to promote student learning. The Propositional
Knowledge scaleontains items such ag[@ teacher had a solid grasp of the subject matter
content inherent in the lessOnand addresses how well the instructor understands the course
content they are teaching. The Procedural Knowledge scale contains items sStinasit©



made predictions, estimations and/or hypotheses and devised means for testihgrnidem
indicative of an instructorOs ability to select the appropriate teaching methods for the lesson
being taught. The Communicative Interactions scale coritaims such asThe teacher's

questions triggered divergent modeshafkingO and indicates the types of discourse occurring

in the classroom between students and the teacher and students with other students. The Student
Teacher Relationship containsnite such as,The teacher acted as a resource person, working to
support ad enhances student negotiationsO and addressed the kind of relationship the teacher
had with the students in terms of knowledge conthgi.observer ratesach item on the

instrumen as0-4 (never occurreeb> very descriptive) To get the total RTOP scores, the ratings
on all of the items wersummed To get the score on each scale, the ratings for each item on the
scale wasummed The scores were compatey creating ranking #total RTOP scores from
highest to lowest and dividing the scores into three groups 1) higher, 2) medium, and 3) lower
The higher and lower group contained 6 instructors, and the medium group contained 4
instructors.

The Constructivist Learning Enviranent Survey

The Constructivist Learning Environment Suniagtrument (CLES) was developed by
Peter C. Taylor and Barry J. Fraser in 1997 to enable teamfh®eigenceo monitor their
constructivist approaches to teaching. The CLES was intended to allow teachers to understand
their students' perceptions of the extent to which the classroom learning environment enabled
them to reflect on their prior knowledge, devesgpautonomous learners, and negotiate their
understandings with other students. The instrument contains five scales;Héjdbeal
Relevance Scalmeasures how relevant students feel the course content is to their lives outside
of the classroom, (2) #Shared Control Scalmeasures studentsO perceptions of their control
over classroom learning, (3) tfzitical Voice Scalemeasures studentsO perceptions of their
ability to question the teacherOs pedagogy, (Sttident Negotiation Scateeasures stattsO
perceptions of their ability to share their ideas with other students in the classroom, and (5) the
Uncertainty Scaleneasures studentsO perceptions of the level of inquiry based science
knowledge in the classroom. Two versions of the instrunvenegiven to the students during
thesemesterThe first version involves participants in identifying the kind of classroom learning
environment they prefer and is given during the beginning of the senprsferencesr
expectationsThe second version ioWwes participants in identifying the classroom experience
they have had as they perceive that experience and is given at the end of the,semester
perceptionor perceptual understanding of experiences

The CLESinstrument has been used to determirteafe was a difference in student
perception of traditional versus constructivist and ingoimgnted teaching at the higher
education level. Several examples of the use o€ttteSto monitor the development of
constructivist practices at the secondamel can be found in the literature. Wright (2009) used
the CLESto monitor student perceptions of traditionarfiparisoipvs. constructivist
(experimental) treatments in a higher education lemglronmental studies coursggnificant
differences wes found between the two groups with the constructivist treatment group having a
higher positive perception of the classroom environment as inquiry oriented at the end of the
semester indicating that the experimental groups experienced more constreemisigl than
the traditonal groups. Shin, Kim and Ki2005) used the instrument to measure studentOs



perception of the classroom environment before and after the implementation of a virtual reality
module in an earth sciences class designed fesgrmee teachers. Their results indicated this
moduleincreasedstudentsO perceptiqnatings)of the classroom environmeas facilitative in
particular on the shared control scale.

In this study, theCLESwas used to examine studentsO prefergexpscationy and
perceptiongperceptual understandingj the learning environment the sample of
undergraduatscience classes that hawdergone reformmnder theNASA/NOVA program in a
population of 103 higher education institutions as compared toaiormed classest the same
institutions The NOVA courses were developed and offered at uariones beginning in 1996
in alarge professional development effort toateereforms in higlr education undergraduate,
entry-level science courses.

The CLESIinstrumentwas given twiceduring the first week and during the last two
weeksthe semester tandergraduatstudentsn the selected coursas 11 institutionsThe
instrument was delivered online outside of the regular class time. After completing consent
forms in class, students were instructed to respond to an email providing the Internet URL where
the CLEScould be completed. Studentsathad not completed the ingtment afteia brief time
werereminded on a periodic basis over a few days to complete the instrument. StudentsO data
were stored electronically and could be downloaded for analys<CLESinstrument uses a
five point Likerttype scale with the categes ofalmost alway45 points)often(4 points),
sometimeg3 points)seldom(2 points), ana@imost neve(l point). To measure differences in
studentsO perceptions of learning in their classes, the studentsO respossesweete give a
final score anging from one to five. The scores amonglshts were compared using the
overalltotal score and then were compared on the separate scale<ChfiRe Reported here
are differences in studentsO overall perceptions of the classroom environment Hasézleh
at which the instructor of their course implemented refétnanalyses on th€LESandRTOP
were conducte at the 95% confidence level usintest, ANOVA, or univariate analysis of
variance as indicated.

Results
RTOP Result

Overall,Univariate Analyses of Variance determined that thexee differences IRTOP
score between professors teaching the reformed courses and instructors that taught the
comparisorcoursed=(31, 1)= 7.39; p = .01 This was true for all scales of tRFOPexcept for
the Procedural Knowledge Scale. Thsults from this analysis askown in Table 1.These
results indicate that the reform implemented at the 19 institutions have been maiovairibd
years since initial participation in the NOVA professiotavelopment program.

Table 1:Results fronrRTOPanaysis

F Sig

TOTAL Score 7.385 .01

Lesson Design 50 03
and




Implementation

Propositional

Knowledge 38 06

Procedural

Knowledge S 02

Communicative

Interactions 8.7 .006

Student Teache

Relationship 7.9 009

Of the 19 institutions that participated in the studnsditutions andL4instructors
generated student data from theESthatcould be used in the study¥vhen comparing the
RTOP scores of th&4 instructorst-test analysis indicated thiéaerewere no significant
differences between the reform and comparison groups on th&Tad#® t (14,1) =1.57, p =
.144.0r any of the scales. Because qualitative data indicated that there were differences between
thetypes ofinstruction observed in the classrooms of the 14 participants, the question whether
reform was implemented at different levels by the 14 participants. The participants were divided
into 3 groups based on th&TOPscore. Théparticipants withhie highest score were placed
in the high RTOP groughe five participants with the lowest scores were placed in the low
group, and the remaining 4 were placed in the medium grAdi©VAwas used to determine if
there were differences between the thremigs. Differences between the three groups were
found on the overall score and on all scales except the Propositional Knowledge Scale. These
results indicate the level of reform implemented in the classroom is an important factor in
student perception @he learning environment.
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Figure 3: ANOVA and PostHoc Analysis using Bonferroni correction for ToRrOPscore

An Oneway Analysis of Variance (ANOVA) indicated significant difference was seen
between the three groups on their overall scores ORGP (F(2,11) = 57.4p > .00]). Post
hoc results using the Bonferroni correction indicates that all three groups differed from each
other. The results are shown in Figure 3.
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Figure 4: ANOVA and PostHoc Analysis using Bonferroni correction for thesson Planning
and Implementation Scale

Significant differences were found on the Lesson Planning and
ImplementatiorScales f(2,11) = 19.127p > .001). The instructors implementing a
lower level of reform group were found to be significantly different from the other
two groups as shown in Figure 4. Instructors in this group were observed using
teaching methods that actively engaged students in thecdas$ess than the other
two groups.
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Figure 5: ANOVA and PostHoc Analysis using Bonferroni correction for the
Propositional Knowledge Scale
!

Significant differences were not found between the groups on the Propositional
Knowledge ScaléF(2,11) = 3.011p = .09 as shown n Figure 5. The observed instructors
demonstrated an understanding of the concepts they were teaching regardless of the level of
reform.
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Figure 6: ANOVA and PostHoc Analysis using Bonferroni correction for the
Procedural Knowledg Scale

The three groups were found to be significantly different from each other the Procedural
Knowledge ScaleH(2,11) = 96.958p > .00). The instructors in the higher level of
implementation group were much were observed showing a better undeig@inaow to
choose appropriate methods for teaching concepts than instructors in the lower group. The
results are shown in Figure 6.
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Figure 7: ANOVA and PostHoc Analysis using Bonferroni correction for the Communicative
Interactions Scale

As shownin Figure 7, Significant differences were found between the three groups on the
Communicative Interactions scal(2,11) = 79.469p > .00]). Less interaction between the
students was seen in the classrooms where a lower level of reform had been itsolernmen
these classrooms, communications tended to flow from the teacher to the students who took
notes.
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Figure 8: ANOVA and PostHoc Analysis using Bonferroni correction for the Student Teacher
Relationships Scale.

The level of reform implemented the classroom was a significant factor in differences
in scores on the Student Teacher Relationships S6@eLL) = 17.994p > .00)). The
instructors implementing lower levels of reform in the classroom scored significantly lower on
this scale as shown Figure 8.

Qualitative analysis indicated that the participants in the study implemented reform in the
classroom at various levels. The instructors that implemented a high level of reform in their
classroom were instructors that participategdrimfessional development, and collaborated with
others about their teaching. Statements from their interviews indicate that they were highly
reflexive about what, why, and how they taught and that they considered experience and science
education researcihen formulating their beliefs and practices. Interviews from instructors
implementing a lower level of reform in the classroom indicated that these instructors tended to
hold traditional or behaviorist views of teaching and learning. They viewed thed&as a
good resource for student learning and to guide the planning of their curriculum. They did not
collaborate with others about their courses, and they tended not to participate in professional
development for teaching. If they were aware of atlanal research, they chose not to use it in
the classroom or they tended to have a bleak view of it. If these instructors were reflexive about
their teaching, they tended to reflect on what should be taught. Instructors in the medium group
implementedan intermediate level of reform in the classroom. Instructors in this group tended to
be interested in Otrying new thingsO in the classroom. Their classroom practices were generally
informed by personal experiences, though some may have been awareatibedliresearch.

When they were reflexive, they tended to reflect on what should be taught and how it should be
taught.

ConstructivistLearning EnvironmentSurvey (CLES)Results
The purposéor the administration c€ELESwasto determine if studenfgerceived

differences in the level of reform in the classroom and if studpatséptions of the learning
environment wereorrelated to the level of reform observed usingR®P. Students enrolled



in courses should perceitieeir learning environmerats being more constructivist than students
enrolled in courses with a lower level of refoldsing the groups indicated above, it was

determined that there were significant differences in the level of reform perceived by the students
enrolled in the coursancluded in this study.
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Figure 9: ANOVA and PostHoc Analysis using Bonferroni correction for total score on the
postCLES

Figure9 shows the results from an ANOVA of the total score on the@oBGS A
significantdifference betweethe threegroups was determined ¢ime total score on the post
CLES(F(2,252) =4.12.p = .02. A differencewas seen between students enrolled in courses
with a high level of reform implemented and students enrolled in courses with a lower level of
reform implematedas shown in Figure. 7A weak correlation between level of implementation
of reform and total score on the p@itESwas seei{ = .171,p > .001 A more reform
implemented, the higher the total score onGh&S
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Figure 10. ANOVA and PostHoc Analysis using Bonferroni correction for tRelevance Scale
on thepostCLES

Differences were found on the relevance scale of theQids8 (F(2,252) = 4.39p =
.01). Posthoc analysis using Bonferroni correction determined thadttisents in the classes
with a higher level of reform implementation differed from students enrolled in courses with a
mediumlevel of reform implementation as shown in Figliée
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Figure 11: ANOVA and FostHoc Analysis using Bonferroni correction foetkUncertainty
Scale on the po€ILES

There was dack of significant difference between the three groups o the Uncertainty
Scale of the posSTLES(F(2,252) = 1.26p = .29. This suggests that in classrooms observed,



the students did not perceive s®@encecontent as being taught @sanging building on the
knowledge of others, dhat theoryand ideas in science develop and change over fithe
results are shown in Figud.
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Figure 12: ANOVA and PostHoc Analysis using Bonferroni correctidor the Critial Voice
on the posCLES

The three groups were not significantly different on their scoth@F(2,252) = 3.21p B
=.04). The students were equal in their perception of their ability to question the instructorsO
teaching methods, course content etc. The results are shown in Egure
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Figure 13: ANOVA and PostHoc Analysis using Bonferroni correction for the Sharedt€x
on the posCLES

The Shared Control scale showed significant differences between therttups g
F(2,252) = 3.61p > .03 Post hoc analysis revealed that the students in courses with higher
levels of implementation scored higher on the SharedrGlstale than students in courses with



lower levels of reform.The results are shown in Figur8. 1A weak correlation was seen
between score on the Shareoh@ol of the posCLESand the level of reform implemented in
the classroonk =-.169,p = .009
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Figure 14: ANOVA and PostHoc Analysis using Bonferroni correction for the Student
Negotiations Scale on the pd3tES

Significant differences between the three groups were found on the Student Negotiations
scale F(2,252) = 5.41p > .00]). Posthoc analyses revealed that the students in courses with
higher levels of reform implemented perceived higher levels of interactions with their peers than
students enrolled in courses with lower levels of reform implemenkedresults are shown i
Figure 4. A moderate relationshiwas foundbetween level of reform and the Student
Negotiations ScalR = .5, p> .001L

To further examine the impact that the level of reform implemented by the instructor has
on student perception of the learning iemwvment, the question, Owhat score does a professor
have to make in order for students to perceive the classroom environment as beaiewgt2dfe
Univariate analysisf variancedetermined that an instructor would have to score@@d( F =
(248,1) 4.5p = .035) or below a 45 F = (248,1)5.1,p = .024) in order for students to perceive
the environment as differentA score of 71 indicates a high level of reform observed in the
classroom. An instructor would have to score a 3 or above on evérysaahieve a score
above 71 A score of 45 or below is indicative of a very traditional classroom environment
where the instructor takes up the majority of the classroom time

Conclusions

The current study ad small national and diverse sample investigdtedearning
environment existing inndergraduatentry level science course§/hen comparing the 9
institutions with useable student data on@hé=S differences were not seen between the
NOVA-reformed ourses and the comparison courses. The RTOP scores in the NOVA courses
ranged from 3®0 and the RTOP scores from the comparison courses ranged #otn 34
indicating that some of the comparison courses had more elements of reform implemented than
the NOVA courses We viewed this result as being a positive indicator of the success of the



NOVA program. Many of the institutions reported that the NOVA courses prompted other
courses to adopt the NOVA model. It also opened up the question as to whethes studen
perceive differences in the level of reform implemented in their science courses.

Resultsin this studyindicate that students do perceive differences in their learning
environmentThelevel ofreform found in the coursegasfound to vary along a continuum
from reformedto traditional andhis context significantly affected student perceptions of the
learning environmentFaculty instructorsvho implementedeform undergraduate scienc
course(s) were rated higher by theudsnts than other facultyA score of 71 or above had to
be achieved in order for students to perceive the reform implemented in the classroom as being
different from other science coursésscore of 71 indicates a high level of reform observed in
the dassroom. An instructor would have to score a 3 or above on every scale to achieve a score
above 71. This data indicates that in order for reform efforts to impact student perception of
their learning environment, instructors have to make big effogadare the learning
environment allows students to interact with the instructor, other students, and course materials
in a way that engages their interest and allows them to begin to construct a more scientific
understanding of science content in theissés. Reform at the undergraduate level cannot be
something that is done for some content, but not others. Nor can it be something that the
instructor can demonstrate, while the students watch. The students have to be active in their
interactions in thelassroom.

Observations of courses that scored above a 71 on the RTOP indicated that the students
spent the majority of the time interacting with each other to develop their own ideas about the
content that they were learning. There was also extensigtergtto teacher interaction, but this
interaction was different than lecturing to the students or giving them the Ocorrect answersO
Instead, the instructor helped the students analyze the evidence that they have to come up with a
solution of their own.In courses that were scored 45 or below, the instructor spent little time
interacting with the students, and the studerdsdi interact with each other the course
material. Instead, the instructor presented the content, and the students took notes on the course
material that was being presentddther differences between courses with a high level of reform
and a low level of reform are indicated iable 3.

Table 3 Difference in Observations Between Classroom with High or Low Levels of Ref
Implementation.

Classroom Observations
Made in the courses with
higher levels of reform
implementation

Common Classroom
Observations Made in Both
Types of Lhdergraduate
Science Classrooms

Classroom Observations
Made in the courses with
lower levels of reform
implementation

¥ Extensive student
student interaction
during the class

¥ Extensive teacher
student interaction
during the class

¥ Questioning used to
engage students;
encourage students to
think critically

¥ Teachers used
technology: smart
boardsPoweaPoint
etc.

¥ Content presented in
both courses was
current, appropriate,
and accurate.

¥ Little requested, or
planned, student
student interaction

¥ Teacher lecture took
up majority of the
time

¥ Teacher asked
rhetorical questions;
little wait time for
studentanswers




¥ Lectures short and ¥ Students appeared
provided in a Ojust in bored and
time mannerQ unengaged with the
coordinated with teacher and content
studentsO inquiry ¥ Lecture and
activities laboratory separated
¥ Lecture and laboratory in time
integrated

The results from this study indicate thia¢ effort instructors make to allow students to
experience inquiry based science in a constructivist learning environment is noticed by their
students. Qualitative and quantitative results from this study indicate differences in studentsO
perceptions otheir learning environment and in their ability to learn scieddeese studies also
indicate that in order for reform to be effective, it has to be implemented properly. Implementing
some elements of a reformed course may not be enough impact stngesignificant way.

Future studies include determining the relationship between the level of reform implemented in
the classsom and students attitude toward science and student understanding of course content.
|
References

American Association for thedvancement of Sence (1993).Benchmarks for science literacy:
Project 2061 New York: Oxford University Press.

Biggs, J. (2001). Enhancing learning: A matter of style or approach? In R. J. Sternberg & L. F.
Zhang (Eds.),

Perspectives on thinking, leargirand cognitive styles (pp. #B03). London: Lawrence
Erlbaum.

Bland-Day, J. (199). Barriers associated with faculty creating change in teaching at higher
education institubns.(Doctoral dissertation, University of Alabama, 1999issertation
Abstracts Internadnal.

Cannon, J.R. (1997). The constructivist learning environment survey may help halt student
exodus from college science course: Comparing student's preferences and perceptions of
constructiviststyle teaching environment¥ournal ofScience Teaching, e1), 67-71.

Diseth, ¢, Pallesen, S, Brunborg, G, and Larsen, S. (2007) Academic achievement among first
semester psychology students: the role of course experience, effort, motives, and learning
strategiesHigher Education. 5835

Francis, G., Adams, J., & Noonan, E., (1998). Do they skgPResults of a longitudinal study
of students 3 1/2 years after taking reformed physics courses alBd&anThe Physics
Teachey 36, p. 488.

GessNewsome, J. (1999). Pedagogical content kedge: An introduction and orientation. In J.
GessNewsome & N. Lederman (EdsBxamining pedagogical content knowledgp. 3
20). Dordrecht: Kluwer.

Glynn, S M., Taasoobshirazi, G., & Brickman, P. (2007). Nsmence majors learning soee:

A theoretcal model of motivationJournal of Research in Science Teach#®f8), 1088
1107.



Johnson, B & McClure, R. (2004). Validity and reliability of a shortened, revised version of the
constructivist learning environment survey (CLES&garning EnvironmentRegarch
7(1):65-80.

Kreber, C. (2003). The Relationship between studentsO course perception and their approaches to
studying in undergraduate science courses: A Canadian expekgiter Education
Researcltand Development, 237D75.

Lizzio, A.,Wilson, K., Simons, R. University students' perceptions of the learning environment
and academic outcomes: Implications for theory and practice Studies in Higher Education
27 2762 2002.

Loughran, J., Gunstone, R., Berry, A., Milroy, P., & Mulhall, P. ®@@ay).Science cases in
action: Developing an understanding of science teachersO pedagogical content knowledge
Paper presented at the annual meeting of the National Association for Research in Science
Teaching, New OrleankA.

Loyens, S., Rikers, R. &chmidt, H. (2006 StudentsO conceptions of constructivist learning: a
comparison between a traditional and a proble®sed learningurriculum.Advances in
Health Sciences Education

Magnusson, S., Krajcik, J., & Borko, H.999). Nature, sources, artevelopment of
pedagogical content knowledge for sciencelieay In J. GesfNewsome & N. C. Lederman
(Eds.),Examining pedagogical content knowledgp. 95132). Dordrecht: Kluwer.

Mason, C.L. (1999). The TRIAD approach: A consensus for sciencertiganid learning. In
J. GesdNewsome & N.J. Lederman (Eds.), Pedagogioatent knowledge: Its role and
usefulness in science teacher education (pp228J. Amstedam,The Netherlands:

Kluwer Academic Pubhing

Morine-Dershimer, G., & Kent, T. (1999The complex nature and sources of teachersO
pedagogical knowledge. In J. Gddswsome & N. C. Lederman (EdsE)xamining
pedagogical content knowled{gp. 2150). Dordrecht: Kiiwer.

National Research Council. (1996)ational science education stderds. Washington, DC:

National Academy Press.

National Science Foundation. (1998haping the future: New expectations for undergraduate
education in science, mathematics, engineering, and techn@odpjication #NSF 94.39).
Arlington, VA: National Scienc&oundaon.

NOVA. (n.d.)NASA Opportunities for Visionary AcademiBgtrieved July 18, 2007,
http://www.education.nasa.gov/divisions/higher/programs/high_ed_yaauott

Peterman, F. (1993). Staff development and the process of changing: A teacherOs emerging
constructivist beliefs about learning and teaching. In K. Tobin (EHe practice of
constructivism in science educati@pp. 227245). Hillsdale, NJ: Erlbau.

Seymour, E. (1995). Revisiting the Oproblem icebergO: Science, mathematics, and engineering
students still chilled out: Examining the causes of student attrition in sdiasee fields on
a variety of campusedournal of College Science Teaching(&4392400.

Shin M, Kim H, Kim J (2005). Relations of adopting immersive virtual reality (IVR) in a college
science and studentsO perception of learning environment: will VR let you step away from
teachercentered science class? In: MZni¥éas A, Gonzile-Pereira B, Mesa Gonzilez J,
Mesa Gonztlez JA (EdBroceedings of the 3rd Internationati@TE conferendd recent
research developments in learning technologies, the 3rd International Conference on
Multimedia ICTOsO in educatieni, 1, Formatex, CtcereSpain, pp. 208214,




Shulman, L. S.X987). Knowledge and teaching: Foundations of the new reféanvard
Educational Revienb7, 1-22

Siebert, E., & McIntosh, W. (2001¢ollege pathways to the science education standards
Arlington, VA: NSTA Press.

Sorensen, H., Evans, R. H., & Andersen, A. M. (2009, Ap@intent knowledge and efficacy
Paper presented at the Annual International Conference of the National Association for
Research in Science Teaching, Garden Grove, CA.

Sunal, D., Bland, J., Suh&., Whitaker, K., Freeman, M., Edwards, L., Johnson, R. & Odell, M.
(2001) Teaching science in higher education: Faculty professional development and barriers
to changeSchool Science & Mathematid91(5), 246257.

Sunal, C., Sunal, D., Mason, Cglknan, D., Sundberg, C., & Lardy, @Q08a)Background
research paper N@: What do we know about undergraduate science couisane
Synthesizing themeRetrieved February 1, 2@, from http://nesusorg.

Sunal, C.Sunal, D., Zolliman, D., Mason, C., Sundberg, C., & Lardy, C. (M&ab3b)
Undergraduate Reform in Science Courses: Synthesizing Themes from the Research
Literature, Paper presented at the Annaadeting of the American Educational Research
Association AERA), New York, NY.

Sunal, D. & $Inal,C. (2008b) Research Brief No. 1: What levels of institutions in a national
population are reforming undergraduate science courses? Retrieved Februady ftpR0
http://nesusorg.

Swnal, D., Sunal, C., Sundberg, C., Mason, C., & Lardy2@8c) Research brief No. 2/hat
criteriacan be used to identify the level of implementation of reform in an undergraduate
science corse?Retrieved February 1, 2Q, from http://nesusrg.

Sunal, D., Sunal, C., Sundberg, C., Mason, C., Lardy, Magoob-Haghanikay M. (2008d)
Research brielo. 3:What characteristics are found in reformed andmdormed
undergraduate science ceesRetrieved February 1, 2Q, from http://nesusrg.

Sunal, D..Suna, C.Ogletree, G., Steele, E., Mason, C., & Zollman, D. (2008e) Research brief
No. 4:What characteristics are fodiramong institutions still offering and no longer offering
reformed Uhdergraduate science ¢sasRetrieved February 1, 2Q, from http://nesusrg.

Sunal, D., Sunal, C., Mason, & Zollman, D. (2008f) Researchrigf No. 5: What are the
characteristis of a faculty collaborative team at institutions involved in undergraduate
science course ferm?Retrieved February 1, 2@, from http://nesusorg.

Sunal, D., MacKinnonC.,Raubenheaner, C. D. & Gardner, F. (2004). A case study of a
national undergraduate science reform effort (In Sunal, D. & Wright, E. (Edsdarch in
Science Education: Reform in Undergraduate Science Teaching fortt@epiury
Greenwich, CT: Information AgBublishing, 22840.

Taylor P.C., Fraser, B. & Fisher, D.997). Monitoring constructivist classroom learning
environmentslnternational Journal of Educational Resear@7(4), 293302.

Trigwell, K., & Prosser, M. (1991). Improving the quality of studeatning: The influence of
learning

context and student approaches to learning on learning outcomes. Higher Educatior22, 251
266

Van Driel, J.,Verloop, N., & deVos, W. (1998). Developing science teachersO pedagogical
content knowledgelournal d Resarch in Science Teaching%(6), 673695.




Wright, J. M. (2008)The comparative effects of constructivist versus traditional teaching
methods on the environmental literacy of postadaoynonscience major&ulletin of
Science Technology Society 20(#B), 324-337.

Wright, E. & SunalD. (2004). Reform in undergraduate science classrooms. (In Sunal, D. &
Wright, E. (Eds.Research in Science Education: Reform in Undergraduate Science

Teaching for the Z1Century Greenwich, CT: Information Age PuB3-52.
[

#$%&'$(()!*+,,-%&./10)112$&'-35(145'.35.16-+3/$&'- 317 % $3 B2A6!
<i=< >l



